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curves,  or  lines  of  magnetic  force,  existing  in  the  space  around. 
These  phrases  have  a high  meaning,  and  represent  the  ideality  of 
magnetism.  They  imply  not  merely  the  directions  of  force,  which  are 
made  manifest  when  a little  magnet,  or  a crystal,  or  other  subject  of 
magnetic  action  is  placed  amongst  them,  but  those  lines  of  power 
which  connect  and  sustain  the  polarities,  and  exist  as  much  when  there 
is  no  magnetic  needle  or  crystal  there  as  when  there  is ; having  an 
[independent  existence  analogous  to  (though  very  different  in  nature 
from)  a ray  of  light  or  heat,  which,  though  it  he  present  in  a given 
space,  and  even  occupies  time  in  its  transmission,  is  absolutely  insen- 
sible to  us  by  any  means  whilst  it  remains  a ray,  and  is  only  made 
known  through  its  effects  when  it  ceases  to  exist.  The  form  of  a 
line  of  magnetic  force  may  vary  exceedingly  from  a straight  line  to 
every  degree  of  curvature,  and  may  even  have  double  and  compli- 
pated  curvatures  impressed  upon  it.  Its  direction  is  determined  by  its 
polarity,  the  two  changing  together.  Its  powers  are  such,  that  a 
magnetic  needle  placed  in  it  finds  its  place  of  rest  parallel  to  it ; a 
crystal  of  calcareous  spar  turns  until  its  optic  axis  is  transverse  to  it ; 
and  a wire  which  is  unaffected  when  moved  in  or  along  it,  has  an  electric 
current  evolved  the  instant  that  it  passes  across  it : by  these  and  by 
other  means  the  presence  of  the  magnetic  line  of  force  and  its  direc- 
tion are  rendered  manifest. 

I The  Earth  is  a great  magnet  : its  power,  according  to  Gauss, 
being  equal  to  that  which  would  be  conferred  if  every  cubic  yard  of 
t contained  six  one-pound  magnets ; the  sum  of  the  force  therefore  is 
Bqual  to  8,464,000,000,000,000,000,000  such  magnets.  The  dispo- 
iition  of  this  magnetic  force  is  not  regular,  nor  are  there  any  points 
m the  surface  which  can  be  properly  called  poles  : still  the  regions 
jif  polarity  are  in  high  north  and  south  latitudes  ; and  these  are  con- 
nected by  lines  of  magnetic  force  (being  the  lines  of  direction)  which, 
generally  speaking,  rise  out  of  the  earth  in  one  (magnetic)  hemi- 
sphere, and  passing  in  varied  directions  over  the  equatorial  regions 
.nto  the  other  hemisphere,  there  enter  into  the  earth  to  complete  the 
mown  circuit  of  power.  A free  needle  shows  the  presence  and 
direction  of  these  lines.  In  London  they  issue  from  the  earth  at  an 
[ingle  of  about  69°  with  the  horizon  (being  the  dip  or  inclination)  ; 
ind  the  plane  in  which  they  rise  forms  an  angle  of  23“  W.  nearly 
[with  true  north,  giving  what  is  called  west  declination.  Where  the 
pip  is  small,  as  at  the  magnetic  equator,  these  lines  scarcely  rise  out 
bf  the  earth  and  pass  but  a little  way  above  the  surface  ; but  where  it 
is  large,  as  in  northern  or  southern  latitudes,  they  rise  up  at  a 
greater  angle,  and  pass  into  the  distant  realms  of  space,  from 
[whence  they  return  again  to  the  earth  in  the  opposite  magnetic  hemi- 
sphere : thus  investing  the  globe  with  a system  of  forces  like  that 
about  an  ordinary  magnet,  which  wherever  it  passes  through  the  atmo- 
sphere is  subject  to  the  changing  action  of  its  magnetic  oxygen. 
fThere  is  every  reason  to  believe  that  these  lines  are  held  in  the  earth, 
but  of  which  they  arise  and  by  which  they  are  produced,  just  as  the 
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lines  which  originate  in  a magnet  are  held  by  it,  though  not  in  the 
same  degree ; and  that  any  disturbance  from  above  affecting  them 
will  cause  a greater  change  in  their  place  and  direction  in  the  atmo- 
sphere and  space  above,  than  in  the  earth  beneath. 

The  system  of  lines  of  magnetic  force  around  a magnet  or  the  earth 
is  related  by  a lateral  tension  of  the  whole,  analogous  in  some  degree 
to  the  lateral  tension  of  lines  of  static  electrical  force ; both  the  one 
and  the  other  being  easily  made  manifest  by  experiment.  The 
disturbance  of  the  tension  in  one  part  is  accompanied  instantly  by  a 
disturbance  of  the  tension  in  every  other  part ; for  as  the  sum  of  the 
external  powers  of  a system,  unaltered  at  its  origin,  is  definite  and 
cannot  be  changed ; so  any  alteration  either  of  intensity  or  direction 
amongst  the  lines  of  force  at  one  place,  must  be  accompanied  by  a 
corresponding  change  at  every  other.  So  if  a mass  of  soft  iron  on 
the  east  side  of  a magnet  causes  a concentration  of  the  lines  of  force 
from  the  magnet  on  that  side,  a corresponding  expansion  or  opening 
out  of  the  lines  on  the  west  side  must  be  and  is  at  the  same  time 
produced ; or  if  the  sun,  on  rising  in  the  east,  renders  all  the  oxygen 
of  the  air  on  that  side  of  the  globe  less  magnetic  and  less  able  there- 
fore to  favour  the  transition  of  the  lines  of  terrestrial  force  there,  a 
greater  number  of  them  will  be  determined  through  the  western 
region  ; and  even  though  the  lines  of  force  may  be  doubted  by  some 
as  having  a separate  existence  such  as  that  above  assumed,  still  no 
error  as  to  the  effects  on  magnetic  needles  would  in  that  case  be 
introduced,  for  they  by  experiment  would  be  and  are  the  same. 

The  power  of  a magnetic  body  as  iron  or  oxygen  to  favour  the 
transmission  of  lines  of  force  through  it  more  than  other  bodies  not 
magnetic,  may  be  expressed  by  the  term  conduction.  Different 
bodies,  as  iron,  nickel,  oxygen,  conduct  in  various  degrees,  and  not 
only  that,  but  the  same  body  as  iron  or  oxygen  conducts  in  different 
degrees  at  difierent  temperatures.  When  space  traversed  by  uniform 
lines  of  magnetic  force  is  occupied  by  a uniform  body  as  air,  the 
disposition  of  the  lines  is  not  altered ; but  if  a better  conducting 
substance  than  the  air  is  introduced,  so  as  to  occupy  part  of  the 
space,  the  lines  are  concentrated  in  it,  and  drawn  from  other  parts  as 
shown  by  P.  P.  in  the  figure,  or  if  a worse  conducting  substance  is 


introduced,  the  lines  are  opened  out  as  at  D.  D.  In  both  cases  the 
lines  of  force  are  inflected,  and  a small  magnetic  needle  standing  in 
them  at  the  inflected  part  would  have  its  direction  changed  accordingly. 
Experimental  illustrations  of  these  changes  in  direction  are  given 
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in  Mr.  Faraday’s  paper  in  the  Philosophical  Transactions  for  1851, 
Part  I.  Par.  2843,  &c. 

Now  this  by  the  hypothesis  is  assumed  to  take  place  in  the  atmo- 
isphere.  Supposing  it  all  at  mean  temperature,  the  lines  of  force 
would  have  the  direction  determined  by  the  arrangement  of  the 
Ipower  within  the  earth.  Then  the  sun’s  presence  in  the  east  would 
jmake  all  the  atmosphere  in  that  region  a worse  conductor,  and  cause 
jit  to  assume  the  character  of  D ; and  as  the  sun  came  up  to  and 
passed  over  the  meridian  and  away  to  the  west,  the  atmosphere 
under  his  influence  would  bring  up  changes  in  direction  like  those 
shown  in  either  D or  D ; it  would  therefore  manifestly  set  a needle 
in  a given  latitude  in  opposite  directions  as  it  passed  by;  and  as 
evidently  set  two  needles  in  north  and  south  latitudes  in  opposite 
directions  at  the  same  moment  of  time.  As  the  night  came  on  and 
a temperature  lower  than  the  mean  came  up  from  the  east  and 
passed  over,  the  lines  of  force  would  be  inflected  as  in  P or  P.,  and 
a reverse  variation  of  the  needle  to  that  which  occurred  before 
would  now  take  place. 

That  natural  efi’ects  of  variation  must  be  produced  consequent 
upon  the  magnetic  nature  of  oxygen  and  its  daily  variations  of  tem- 
perature is  manifest ; but  whether  they  cause  the  observed  variations, 
or  are  competent  to  do  so,  is  a question  that  can  only  be  decided 
after  very  careful  enquiry.  Observations  are  now  made  on  the 
surface  of  the  earth  with  extreme  care  in  many  places,  and  these  are 
collated,  and  the  average  or  mean  result,  as  to  direction  and  intensity 
I of  the  earth’s  force,  ascertained  for  every  hour  and  season  ; and  also 
many  remarkable,  anomalous,  and  extra  results  evolved.  A theory  of 
;the  causes  of  any  or  all  of  these  variations  may  be  examined  first  by 
the  direction  which  the  varying  needle  does  or  ought  to  assume,  and 
then  by  the  amount  of  the  variation.  The  hypothesis  now  brought 
forward  has  been  compared  with  the  mean  daily  variation  for  all  the 
months  in  the  year  at  north  and  south  stations,  as  Toronto  and 
Hobarton,  and  at  many  others  near  to  and  far  from  the  Equator, 

; and  agrees  in  direction  with  the  results  observed  far  beyond  what 
the  author  anticipated.  Thus  the  paths  described  by  the  upper  ends 
of  free  needles  in  the  north  and  south  hemispheres  should  be  closed 
i curves,  with  the  motion  in  opposite  and  certain  directions,  and  so  they 
! are : — the  curves  described  by  needles  in  north  or  south  latitudes 
should  be  larger  in  summer  and  smaller  in  winter,  and  so  they  are  : — 
a night  or  cold  action  should  grow  up  in  the  winter  months,  and  such 
I is  the  case : — the  northern  hemisphere  ought  to  have  a certain  pre- 
dominance over  the  southern,  because  of  its  superior  temperature, 
and  that  is  so : — the  disposition  of  land  and  water  ought  to  have  an 
influence,  and  there  is  one  in  the  right  direction  : — so  that  in  the 
first  statement  and  examination  of  the  hypothesis  it  appears  to  be 
remarkably  supported  by  the  facts.  All  these  coincidences  are 
particularly  examined  into  and  stated  in  the  Philosophical  transactions 
already  referred  to.  The  next  step  will  be  to  ascertain  what  is  the 
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amount  of  change  in  the  conducting  power  of  the  air  for  given 
changes  of  temperature,  and  then  to  apply  that  in  the  endeavour  to 
ascertain  whether  the  amount  of  change  to  be  expected  is  (as  well 
as  the  direction)  accordant  with  that  which  really  occurs. 

M.  F. 


In  the  Library  were  exhibited  : — 

Gilbert,  de  Magnete  ; Kircher,  de  Arte  Magnetica ; Churchman’s 
Magnetic  Atlas  ; and  the  Magnetical  Observations  at  Greenwich, 
St.  Helena,  Toronto,  and  Bombay ; and  Col.  Sabine’s  " Unusual 
Magnetic  Disturbances  ’ ’ [from  the  Royal  Institution  Library] . 

Minerals  from  Texas,  collected  and  presented  by  W.  Bollaert,  Esq. 

Portrait  of  Mr.  Faraday  by  A.  Blaikley,  Esq. 

Candelahras  presented  to  the  Marquis  of  Tweeddale  [by  Messrs. 
Hunt  and  Roskell]. 

Model  of  Anchor  invented  by  Commander  Inglefield,  R.N.  M.R.I. 

Fairhurn’s  Machine  for  Making  Cotton- Cards  [by  Mr.  Fairburn, 
C.  E.] 

“A  Retriever  First  Proof  of  an  Engraving  by  H.  T.  Ryall,  from  a 
Drawing  by  Sir  E.  Landseer  [by  Mr.  J.  L.  Grundy]. 

New  Water-mark  in  Bank-note  paper,  and  Specimen  of  Paper  split 
in  three  [by  Mr.  Oldham]. 

Nine  Flints  with  Fossil  Sponges,  &c.  from  Salisbury ; a large  piece 
of  Native  Copper,  with  Native  Silver,  Calcareous  Spar  &c.  part 
of  a piece  weighing  30  tons  from  Lake  Superior  [by  Mr.  Tennant] .' 

Talbotypes  and  Photographs  [by  Messrs.  Henneman  and  Malone]. 


